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A general form of space-time invariant called periodic invariant is proposed in which the special 
relativity invariant appear as a special case. This leads to invariant force-energy relation which when 
used in conjunction with suitably modified Newtonian orbital energy equation yields equations for 
gravitational redshift and bending of light without utilizing Riemannian geometry and geodesic tra- 
jectories. These derivations allow constant velocity of light and are later shown to satisfy Einstein's 
field equations and provide alternative to Schwarzschild solution. Perihelic precession theory of 
general relativity is retained unaltered but the equation of planet motion and the solution of the 
radial vector are improved to yield exact two body solution that satisfies Einstein's field equations. 
The periodic invariant is based on the concept that the time is a periodic phenomenon. This theory 
dubbed periodic relativity (PR) does not contradict the lowest order predictions of geneal relativity 
but differs in second order terms. The limiting radius of the event horizon in PR is half the value of 
the Schwarzschild radius. The theory leads to the derivation of quantum invariant which can vanish 
in an absolute sense resulting in a singularity implying a universe beginning with a vibration in an 
unmanifested state of primal energy eventually followed by infiation of the Lambda-CDM model. 
In PR every two body system can deviate differently from the flat Minkowski metric. Veriflcation 
of PR requires inclusion of proper time interval of planet as an observable orbital parameter to 
ephemerides. The theory provides very accurate solutions for the Pioneer anomaly and the rotation 
curves of galaxies outside the framework of general relativity. 
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1. INTRODUCTION A. Periodic Invariant 

Einstein's special relativity theory [l|, 0, 0|,has 
shown that there is no objective independence between 
the three dimensional space and one dimensional time 
continuum. The relativistic invariant presented by 
Minkowski, Lorentz and Einstein relates two points in 
space-time by the expression, 

2 2,2,2 2.2 /'I 1^ 

Here +y'^ + z'^ represents three dimensional space, c is 
the velocity of light and t the ordinary linear time as we 
generally know. Einstein's relativity theory is founded 
upon this simple equation and a hypothesis based on the 
Eotvos experiment which showed that the gravitational 
mass of a body is equal to its inertial mass. It is also well 
known that if we replace c with velocity v < c for other 
massive particles, Eq. (jl.ip no longer remain meaningful. 
One of the fundamental proposal of the present theory is 
to recognize continuity between the electromagnetic wave 
spectrum and the massive prticle wave spectrum. Such 
argument can be supported if we can supplant Eq. 
by an equation which is not only applicable to velocity of 
light but also to velocity of all the other particles which 
travel at speeds less than that of light. 
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It is possible to propose one such equation which I call 
the periodic invariant. It can be written as 

= - (1.2) 

where X = h/p is the associated de Broglie wave- 
length [1, Q, V = c^/v the phase velocity, v the particle 
velocity, and T the period of the wave. For = 0, this 
equation can be obtained by combining following funda- 
mental relations. 
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p = m V , m = — — . h ^ m c . l.o 
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= E = h.= ^. (1.5) 

With de Broglie formulae applied to the free particle we 
arrive at 
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''^ ^, a2-^t2 = 0. (1.6) 



One can see that Eq. ()1.2|) does satisfy light particles as 
well as other massive particles. If we replace ordinary 
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particle velocity with that of light, we get v = c, V = c 
and 

s^^A^-c^T^, (1.7) 

h h h E mc^T ^ 

where A = — = = — = = = cT. 

p mv mc vmc mc 

Here m is the relativistic mass according to fundamental 
de Broglie definition. In case of photon it is mass equiv- 
alent of the kinetic energy of photon. If we multiply 
Eq. (|1.7p for light with a real number n? and set (nA)^ 
equal to the cartesian distance + y'^ + and (nT)^ 
equal to the linear time t^, Eq. (|1.7p becomes equiva- 
lent to Eq. p.ip . Therefore Eq. (jl.ip is a special case 
of Eq. (|1.2[) . Eq. (|1.7[) implies that space-time is not 
only curved but also wavy and that time does not flow 
in one direction but is strictly a periodic or cyclic phe- 
nomenon. If this is not so then it should be possible 
to make precise measurement of time without the use 
of an oscillator. Such technology however does not ex- 
ist. Eqs. (jl.ip and (|1.7p both behave identically in the 
absence of gravitational field, but in the presence of g 
field, Eq. (|1.7p remains null and Eq. (|l.ip yields time 
like geodesies. In this new theory called periodic relativ- 
ity (PR), both light as well as massive particles always 
travel along null paths. This makes it difficult to solve 
mundane problems of macroscopic proportions. This is 
why it becomes necessary to introduce approximations in 
the form of linear time and linear euclidean distance in 
Eq. (|1.2p which permits time like and space like geodesies 
for addressing the problems involving complex structures. 
However for certain fundamental measurements such as 
gravitational redshift and deflection of light, Eq. (|1.7p 
should yield more accurate results than that given by 
Eq. p.ip because the reality does not get compromised. 
Eq. (jl.2p provides a ground for unifaction of electromag- 
netic and massive particle fields and a common ground 
where general relativity and quantum physics can meet 
at the most fundamental level. We can write Eq. (|1.2p as 

= {chlcvf - {c^lvvf, (1.8) 

where h is Planck's constant, p the particle momentum 
and V ~ 1/T is the frequency of the associated de Broghc 
wave. This period-frequency relation is the only funda- 
mental and basic equation that relates the concept of 
time to the physical world in an objectively real manner. 
The relativistic invariant relates the space and time con- 
tinuum on a macrocosmic scale. The periodic invariant 
does the same on a microcosmic scale. We can introduce 
another fundamental equation called energy-momentum 
invariant into Eq. p.Sp . 

E''^El^{cvf. (1.9) 
We get, = {{hcf/{E^ - ED) - {^/vvf, (1.10) 



where E = total energy of the particle and E'o = "t-qc^ 
is the rest energy of particle. Relativistic mass is little 
used by modern physicists. Notwithstanding the modern 
usage we will use m for relativistic mass and mg for rest 
mass throughout the article. 

2. QUANTUM INVARIANT 

The invariant Eq. (|1.10p has a general form applica- 
ble to all de Broglie particles. In relativity, the vanishing 
of the invariant given by Eq. p.ip does not mean that 
the distance between two space-time points gets obliter- 
ated. It simply means that the two space-time points 
can be connected by a light signal in vacuum. The new 
invariant Eq. p.lOp . however, can vanish in two different 
ways. First, in the characteristic relativistic sense imply- 
ing that two points in space-time can be connected by a 
energy signal (which can be a light signal or a massive 
particle signal), and secondly in an absolute sense where 
both terms on the right also vanish individually like the 
Euclidean invariant. In the first case, we get the relation, 

{E^ -ED/v^ ^[h^v'')/c\ (2.1) 

Substituting the photon parameters i?o = and v — c 
into Eq. (|2.ip gives the quantum hypothesis of Max 
Planck, E = hv. This provides sufficient reason to de- 
clare that Eq. (|2.ip is a general form of Max Planck's 
quantum hypothesis applicable to both massless as well 
massive particles. 

Essentially there is no difference between the rela- 
tivistic invariant Eq. (|l.ip and the invariant Eq. (jl.lOp . 
other than the fact that the former defines the space-time 
continuum and the latter defines the energy-vibration 
continuum. The equivalence of both these continuums 
will become clear when we define the quantum invari- 
ant with the assumptions that, given sufhcient energy, 
all particles having rest masses can disintegrate into par- 
ticles with zero rest masses; and that all particles having 
zero rest masses will have a constant velocity in space 
regardless of the inertial frames of reference and equal to 
the velocity of light. These two assumptions would allow 
us to adopt the hypothesis that the creation begins with 
a vibration in the primal energy. We can introduce the 
photon parameters Eq = and w = c in Eq. (|1.10p to 
simulate the initial state of the universe. This gives, 

s'' = [hc/Ef -{c/vf. (2.2) 

And since the path of a massless particle is a null 
geodesic, for — 0, Eq. (|2.2p can be further simplified 
to a form which is independent of the law of propagation 
of light. We shall call this form the Quantum Invariant. 

= [h/Ef {l/vf. (2.3) 

The quantum invariant can vanish in an absolute sense 
when E ^ oo and v oo. In this case the space- 
time continuum connecting two points gets completely 
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obliterated and the resulting sub-quantic medium resem- 
bles a black hole singularity. Such a singularity suggests 
an equilibrated state of primal energy devoid of ripples 
which we shall call the unmanifest energy. This repose is 
disturbed when initial vibration sets off a chain reaction 
of creative processes. With the vibration comes the pe- 
riodic phenomenon. Therefore time begins with the first 
vibration. The vanishing of the quantum invariant leads 
one to conclude that energy and vibrations are not in- 
dependent entities. Nowhere in the observable universe 
can one find any form of energy which is not in a state 
of vibration. The analogy of oneness of the waves and 
the ocean when former subsides will suffice to explain 
the vanishing of the quantum invariant. Another conclu- 
sion is that the space and energy are equivalent. There 
is nothing like empty space. All space is either filled 
with vibrating energy or with the unmanifest energy in 
equillibrium. One cannot conceive of space without as- 
sociating it with some form of energy. In other words, 
space-time of Einstein's theory are mere imaginary arti- 
facts superimposed on vibrating energy which is the only 
real substance. 

The energy-momentum invariant relates energy and 
momentum of a particle, whereas the quantum invariant 
relates the energy and the associated frequency of the 
particle for the first time. The quantum invariant sat- 
isfies the entire gamut of the electromagnetic spectrum 
from extremely high frequency cosmic rays and gamma 
rays to the lowest frequency gravitons. This makes one 
ponder whether there are upper and lower bounds to this 
equation. The natural consequence of extrapolating the 
upper bound leads to the proposal that the vanishing 
of the quantum invariant signifies the most fundamental 
or primal state of the energy in equilibrium like a lake 
without any ripple. This analogy can also be extended 
to Higg's field and spontaneous symmetry breaking due 
to virtual particles which are like isolated ripples in the 
lake. 



A. Vibratory Cosmology 

It is well known that with the rise of relativistic 
physics, the notion of absolute time so natural to Newto- 
nian mechanics had to be relinquished. In PR we will see 
that the concept of proper time is as much hindrance to 
defining the force-energy invariance as the absolute time 
was to defining the unity of space and time. Concept 
of proper time assumes linear time and distance scales 
whereas the true nature of reality is founded upon non- 
linear periods and wavelengths of the subatomic parti- 
cles. Nevertheless to deal with a compound wave of a 
massive object such as a planet is not as simple as ana- 
lyzing an individual particle. Thus the concept of proper 
time is useful in such cases as an approximation. 

Einstein's theory unifies space and time, in the same 
manner as this theory unifies energy and vibration. Ein- 
stein's relativity and Newton's classical mechanics are 



both predominantly geometrical theories whereas PR 
discards geometrical concepts as imaginary and deals 
straight with the fundamental substance of creation, 
namely the 'energy' upon which all the geometry is super- 
imposed. For example, the distance between two space- 
time points connected by a light signal cannot be called 
an empty space because it is filled with the energy of the 
light signal itself. Therefore the concept of empty space 
is very much redundant. It is not possible for human 
senses to perceive a segment of space from which no en- 
ergy signal emanates. 

The equilibrated primal energy also called unman- 
ifest energy put together with all the known and un- 
known manifest energies of the universe form a single 
whole which does not have a second; which means that 
this single whole does not have any boundary unlike the 
D branes [s^ of the M theory which are defined 
by Dirichlet and Neumann boundary conditions. Hence 
it is formless. If this single whole had a boundary like 
D branes it would become necessary for second or third 
something to exist beyond that boundary. For example, 
two colliding branes of the Cyclic Model 0] are sepa- 
rated by what is called the Bulk. So the question is how 
many such branes there are and what are they contained 
in? Hence this single whole does not have a second and 
mathematical concepts of zero, one, two, infinity does not 
apply to this single whole. This single whole is the only 
thing that has ever existed and will exist. 

What applies to the single whole does not apply to 
manifested energies of this universe. They have a begin- 
ning and an end in time. In general, the unmanifest en- 
ergy does not interact with any form of manifest energies, 
hence it does not gravitate or collide with protons like 
neutrinos. Due to this aloofness, the unmanifest is not 
affected by processes like hot big bang or supernova ex- 
plosions etc., nor can it be detected by a tankfull of heavy 
water or Michelson-Morley interferometer [50t . This un- 
manifest is immovable and hence cannot be evaluated 
by action principles of Nambu-Goto and Polyakov 
[52| . Since the unmanifest is free from any vibrations, 
it can not be represented by Euler beta function cither. 
It is neither uni-dimensional nor multi-dimensional, be- 
cause there are no directions in it. Directions appear 
with the appearance of wave (i.e. force). When electro- 
weak, strong and gravitational forces are united, the re- 
sult will be another fundamental wave with finite energy 
and finite frequency which can be easily represented by 
the quantum invariant but this will not be a description 
of the unmanifest. The theory of zero point energy (37j 
deals only with manifest energies, it does not apply to 
unmanifest energy. In accelerator experiments, one may 
have some doubts about the existence of strings or gravi- 
tons or Higgs boson, but no one doubts the existence of 
energy. This unmanifest energy has a potential of becom- 
ing anything and everything that exists in the manifest 
universe. Following the first vibration in the unmanifest, 
several subtle and yet undetected forms of energies may 
have been created. Eventually certain gross form of vi- 
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brating energy of a very unified, fundamental and primal 
kind becomes manifest followed by what we call infla- 
tion [13, m in Lambda-CDM model In general, 
the subtle energies of the early universe may not interact 
with the energies of our gross universe. However, these 
could very well be the dark energy we are looking for. 
This unmanifest energy could be thought of as the cause 
behind: 

• the vacuum energy of inflation field [13, El] ; 

• the dark energy field, responsible for the accelerat- 
ing universe [H, [H, u^, [tI, [tII ; 

• quintessence and phantom energy of the quantum 
field theories [i^l ; 

• scalar Higgs field, responsible for Higgs boson in 
standard model [4l|, \^ ; 

• strings and branes in the string theories (43l . |43 | ; 

• microwave background radiation field [H, \^ ; 

• vacuum fluctuations and virtual particles; 

The single whole which does not have a boundary 
does not form a closed system from the point of view of 
the second law of thermodynamics. Secondly the observ- 
able universe consisting of the manifested gross energies 
is not isolated from the subtle energies and the unman- 
ifest energy. Hence the building up of entropy and the 
heat death scenario associated with the oscillatory uni- 
verse of Richard Tolman subjected to infinite number 
of oscillatory cycles does not apply to this single whole 
universe. For the same reason we cannot entertain ekpy- 
rotic cyclic scenario of two colliding branes which are two 
closed systems with boundaries. However, strings, branes 
and superbranes can be thought of as surrounded by the 
unmanifest energy just as they are by the empty space. 
These features of the theory can then allow thousands 
(only finite number) of minor inflation and deflation cy- 
cles of the Lambda-CDM model following the first vi- 
bration before eventual total dissolution into unmanifest 
at the end of the major cycle when the subtle energies 
are also annihilated. Such major cycles being unlimited 
or infinite. The solution to the entropy problem can be 
same as the Cyclic Model because the unmanifest en- 
ergy or the subtle energies may not contract during the 
big crunch. The big rip [i^ scenario is not ruled out ei- 
ther. After the nuclei and nucleons are dissociated, they 
return to the gross form of vibrating energy of the uni- 
fied, fundamental and primal kind which in turn merge 
with the subtle energies. Then the question comes up, 
what causes the first vibration at the beginning of the 
next major cycle when the only thing that exists is the 
unmanifest energy. Naturally the cause can not be any 
form of manifest energies such as the colliding branes of 
the Cyclic Model because they do not exist. In this situa- 
tion, the physicists have only one substance to deal with, 
the unmanifest energy and the mathematicians are left 



with a number called one without a second. Hence the 
laws of physics and mathematics could not be utilized for 
an answer. 



B. Standard Model 

This vibratory theory does not really contradict 
the essentials of the big bang theory which are given in 
what is called the standard model [sHi- Further devel- 
opment of this standard model lead to the currently ac- 
cepted model called the Lambda-CDM model [H, [2^. 
The standard model never claimed that the universe be- 
gan with a singular explosion. As a matter of fact it 
refuses to speculate upon the conditions that existed at 
the beginning of the universe. The later development 
of the standard model utilizing Einstein's general theory 
of relativity provided the dynamics of expansion of the 
universe and a few scientists like Stephen Hawking and 
Roger Penrose came up with a suggestion that there must 
have been a big bang singularity provided the general 
relativity theory is correct. Ironically, later on Stephen 
Hawking changed his mind and tried to convince other 
physicists that there was in fact no singularity at the be- 
ginning of the universe [11] . Proponents of quasi st eady 
state theory and proponents of inflationary universe [57j , 
all rule out the big bang explosion at the beginning. Pro- 
ponents of big bang consider the name of the theory as 
unfortunate [55| because it can mislead one to believe 
that there was a singular explosion at the beginning of 
the universe, while in reality such a scenario is not in- 
trinsic to standard model. Standard model is based on 
half a dozen equations that show that the universe is 
expanding according to Hubble's law which is based on 
the astronomical observation that the galaxies are flying 
away from each other and the distant galaxies are more 
redshifted than the nearer ones. It gives redshift factor 
based on the radiation received from various galaxies. It 
gives mean number density of baryons i.e. protons and 
neutrons at a given redshift factor. The same equation 
also gives the photon density of the cosmic background 
radiation (CBR). Given the present temperature of 2.73 
degrees kelvin, it predicts the temperature at any other 
epoch associated with a particular redshift factor. It es- 
tablishes a connection between the homogeneity of the 
universe and Hubble's law of universal expansion. The 
equations of the standard model hold well for redshift 
factors upto 10 billion, but they cannot apply all the 
way to infinity. Anything beyond 10 billion is considered 
speculative physics and beyond the standard model. 



3. QUANTUM ENERGY EQUATION 

General form of Max Planck's quantum hypothesis 
(j2.ip can be written in various alternate forms of which 
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Eq. (|3.3p is the most familiar. 

E = {E^ + h^i^^p^y/^ (3.1) 

E = moc^l + j'pY^\ (3.2) 

E^moc^l-lS'^r^/^ (3.3) 

E = ±{(moc2)2 + (mc2)(mw2)}i/2^ (34) 

where m is the relativistic mass, /3 = v/c and 7 = 
m/mo = (1 — /3^)~^/^. In PR, /3 and 7 need not be con- 
stants, however, their instantaneous values are related 
with each other and with other parameters in the same 
manner as in special relativity. 

A. An improved atomic theory 

An imp roved atomic theory is formulated else- 
where [6l| in which spin is successfully introduced in 
Schrodinger formalism and the resulting energy levels of 
Hydrogen atom are shown to be exactly same as that 
of Dirac's theory. This theory can be associated with 
the general form of space-time invariant presented by 
Eq. (|1.2p . The periodic invariant Eq. (|1.2p provides a 
common ground for the unification of equations of motion 
of both the planets as well as the sub-atomic particles. 
This was not possible in case of the space-time invariant 
Eq. (fLTj) . As stated carher, Eqs. pTTj) and pT?)) both be- 
have identically in the absence of gravitational field. We 
can go one step further and say that they behave iden- 
tically even in the presence of gravitational field when 
the space-time interval involves atomic and sub-atomic 
distances. Thus the validity of the algebraic structure 
(Clifford and Lie Algebra) associated with Eq. and 
the related gauge and spinor groups of particle physics 
is maintained. It is only at astronomical distances that 
the difference between two equations become perceptible 
and can affect any local symmetry formalism based on 
diffeomorphism. Therefore the validity of Dirac equation 
is maintained with respect to Eqs. (|1.2p and (|1.7p . Same 
is true for the algebra of Lorentz transformation when 
the space-time interval involves atomic and sub-atomic 
distances. 



B. True force 

In order to come up with a trucly invariant rela- 
tionship between force and energy, we shall differentiate 
Eq. dnZl) w.r.t. time. 



vF 

vF = 



1 

2E 
1 

2E 



2/iV/3^ + 2/i2/?2^ 



2E^ 



dt 
V dv 
TPdt 



dy 



2Eh- 



dv 
^~dt 



(3.5) 
(3.6) 

(3.7) 



where F is the modified Lorentz force which we shall call 
the true force and v the velocity vector. Eq. (|3.5p reduces 
to 

hv dv 



vF 



dt 



(3.8) 



where a = dv/dt is the acceleration of the particle. From 
Eq. (|3.8p we can deduce that the change in the energy 
of the particle is associated with two different changes in 
the state of the particle. 

• The change in the velocity of the particle. 

• The change in the frequency of the associated de 
Broglie wave. 

When the second aspect is neglected, the invariant re- 
lationship between the force and the energy is lost. With 
respect to the massive particles, this second term on the 
right is comparable to the Doppler effect. Hence we will 
call it the de Broglie effect; and since this second term 
also has the units of force, we shall call this new force 
the de Broglie force. This shows that the true force con- 
sists of a sum of two forces, the Lorentz force and the 
de Broglie force. It can be shown that the true force F 
bears same relationship with tensorial Minkowski force, 
F = jK^, which Minkowski force bears with Lorentz 
force, — ^Fi. 

Eventhough there arc equations in Einstein's relativ- 
ity for relating force and energy, it remains a fact that the 
relativity theory has failed to provide satisfactory quan- 
tification of force and energy. The principle reason in my 
opinion is the concept of time as adopted by the relativ- 
ity theory which assumes that the time is linear and flow 
in one direction from past to present and from present 
to future. This prevailing concept of time moving in one 
direction is a self-imposed illusion of the mind, just like 
imagining a blue sky which in reality is colorless, or rid- 
ing a marry-go-round while all the time thinking that 
we are moving forward. Relativity no doubt unifies the 
space and the time continuum, but because of the adop- 
tion of the linear time scales, it becomes very convenient 
to compromise the invariance of force and energy. 

Both the classical as well as the relativistic mechan- 
ics are founded upon the assumption that dv/dt is always 
zero for calculations involving force and energy. This is 
the very reason for which general relativity has failed to 
provide satisfactory quantification of force and energy. 
So whether one should hold on to the concept of proper 
time and linearity of time scales or adopt the view that 
the reality is based on non-linear periods? The answer 
to this question may not be very simple, but one thing 
is certain that if we assume dv/dt ~ 0, then following 
derivation of gravitational rcdshift would not be possi- 
ble. 

Another comment I would like to make here concerns 
the Pioneer anomaly [5^. Radiometric tracking data 
from Pioneer 10/11 spacecrafts consistently indicated the 
presence of a small, anomalous, blue-shifted Doppler fre- 
quency drift that is uniformly changing with a rate of 



6 



6 X 10~^ Hz/s. This is equivalent to anomalous sunward 
constant acceleration signal of Up = (8.74 ± 1.33) x 10~^° 
m/s^. The drift signifies a descrepancy between the fre- 
quency of the observed Doppler signals and that fre- 
quency modeled using modern-day deep space naviga- 
tional codes [5§| . These navigational codes are obviously 
based on the notion dv/dt = 0. To understand this state- 
ment, first imagine how many millions and billions of 
fundamental particles have gone into building the Pio- 
neer spacecraft. As the spacecraft passes through the 
gravitational field of the sun, each of those massive par- 
ticles (which are in bound state) undergo frequency shift 
according to the scheme di'/dt ^ in our theory. This 
process of frequency shift of millions or billions of mas- 
sive particles require a certain amount of energy. The 
modern-day deep space navigational codes do not have 
any provision for allocating this energy which then gets 
presented as an anomalous acceleration. So the entire 
spacecraft acts like one accelerating clock which can also 
be analyzed from the point of view of the concept of 
proper time. More details are given in reference [60| . 
The root of the Pioneer anomaly problem is the same as 
that of the problem of pcrihclic precession of the planets. 
The only difference is in the way in which the problem is 
presented to us by nature. 

4. TWO-BODY PROBLEM AND THE 
GRAVITATIONAL FIELD 

In order to deal with the static spherically symmet- 
ric gravitational field produced by a spherically symmet- 
ric body at rest, we work in a single plane and base our 
formalism on following postulate which basically means 
that the orbital energy is constant and consists of sum of 
kinetic energy and gravitational potential energy. 

In empty space, the rate of change of ki- 
netic energy of a particle is equal to the rate 
of change of potential energy influencing the 
particle. 

In classical two-body problemQ, the gravitational field 
gets introduced as a single central potential acting radi- 
ally, while the transverse component is assumed absent. 
In PR we will introduce gravitational field in terms of 
two components of a force acting normal and tangential 
to the particle trajectory, rather than as a resultant cen- 
tral force acting radially. This will allow us to account 
for the curvature of the trajectory. Moreover PR is not 
opposed to many of the conclusions of special and general 
relativity such as mass energy equivalence, distinction be- 
tween rest mass and the relativistic mass, perihelic pre- 
cession formalism, quadrupole formalism etc. Hence we 
will introduce another modification to Newton's inverse 
square law on following grounds. It is well recognized 
that the light is affected by the central gravitational po- 
tential due to rest mass of a body just like any other 
massive orbiting body. Making use of this observation 



wc conclude that the mass of the orbiting body in the 
inverse square law should be relativistic mass and not 
the rest mass. This is because photon does not have any 
rest mass but only kinetic energy which can be correctly 
represented in terms of relativistic mass. And this rela- 
tivistic mass is a variable parameter in gravitational field 
and not a constant. Wc shall adhere to this principle 
even while discussing massive bodies in orbit which also 
have some kinetic energy. Proof of the correctness of this 
assumption is evident in the derivation of the orbital pe- 
riod derivative of a binary star discussed elsewhere [20[. 
These two changes introduces two more variables in ad- 
dition to the radial distance in the formalism of central 
potential. Hence it is not very straight forward to intro- 
duce the classical theories of gravitational potentials in 
PR. However, in PR also the central potential acts ra- 
dially and the transverse component is assumed absent. 
Therefore when the second body has only radial motion 
as in the case of gravitational redshift of light, the two 
additional variables disappear and the potential reduces 
to classical Newtonian potential. However, this does not 
happen in case of bending of light. 

How does the assumption that the gravitational at- 
traction exists between the relativistic masses reflect on 
the equivalence principle? It appears that this assump- 
tion does not violate any of the three equivalence prin- 
ciples, the weak (WEP), Einstein (EEP) and the strong 
(SEP). "Universality of free fall" is based on Newton's 
weak equivalence principle (WEP) which states: "the 
property of a body called mass is proportional to the 
weight." In WEP Newton did not specify whether the 
mass is the rest mass or relativistic mass and no discus- 
sion of motion. In Einstein's notion, free fall indicates 
inertial mass as well as relativistic mass but again in 
consideration of Eotvos experiment only inertial mass is 
equated to gravitational mass. Besides, Eotvos experi- 
ment is a static experiment which does not involve mov- 
ing masses. The present theory conforms with Eotvos 
experiment when two gravitating bodies are in equilib- 
rium and at rest in the same coordinate system. For 
example, if an object is thrown radially upwards in the 
coordinate system of the earth, it will attain a maximum 
height and then freely fall back to the earth. Momentar- 
ily when the object is at the maximum height, both the 
object and the earth are perfectly at rest in the same co- 
ordinate system. At this moment, the relativistic mass of 
the object is the same as its rest mass. Therefore at this 
moment of equilibrium, the gravitational mass is equal 
to inertial mass. Rest of the time it is the relativistic 
mass which is equal to the gravitational mass. This is 
the dynamic version of WEP we have introduced in this 
theory which states that the gravitational mass of a body 
is equal to its relativistic mass. 

Whether one is working with the coordinate time of 
the central potenial or with the proper time of the orbit- 
ing body, one of the two masses would certainly be the 
relativistic mass. So this factor needs to be considered. 
The effects of dynamic WEP gets absorbed in what is 
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later defined as the deviation factor "n" and eventually 
shows up as a deviation in the proper time interval of the 
body. And proper time interval of theplanet is not a part 
of the present day ephemerides [gl, [63, [sl, [6§| . As long 
as the proper time interval is not included as one of the 
observables in ephemerides, there is no way to compare 
the GR predictions with the PR theory. The present day 
ephemerides arc a three dimensional ephemerides. In- 
troduction of proper time interval as a variable orbital 
parameter would introduce the fourth dimension to the 
ephemerides. 

Fig. [1] shows the radial vector r connecting the central 
mass Mq with the particle in motion having rest mass 
toq. is the polar angle and ijj is the angle between 
the radial vector r and the tangent vector T. Here we 
are dealing with two coordinate systems, one centered 
on the central mass with polar parameters and another 
centered on the particle in motion with axes along the 
tangent and the normal to the trajectory. Both these 
coordinate systems arc oriented w.r.t. each other in such 
a way that the normal vector and the radial vector make 
an angle equal to ((tt/2) — ip) between them, and ip is 
a variable. Therefore in PR the transverse component 
is absent w.r.t. polar coordinate system of the central 
mass but not w.r.t. the coordinate system of the particle 
in motion. Hence, the rate of change of potential energy 
influencing the particle can be given by 



~dt 



- = F • V = ma. ■ V 



(4.1) 



iim dr 

-—^ (cos-0 + sin V') f • V = ^r— (cosi/' + sini/") ■ 

dt 

(4.2) 



where /i = GMq, G =gravitational constant, m = rcla- 
tivistic mass and following relations hold as usual. 

dr ( dr rdO x \ dr 
r • — = r • V = — r • r H • r = — . 

dt \dt dt J dt 

Gravitational potential can be deduced from Eq. (|4.2[) as 



(cost/i + sini/;) dr, 



(4.3) 



where 7 = m/mo is a variable. 7 and ijj both are func- 
tions of r. 



A. Massless particles in gravitational field 

For massless particles, the rate of change of kinetic 
energy can be given by Eq. (|3.8p as described below. Fol- 
lowing is applicable to all massless particles. 

• The particles will have velocity equal to c. The par- 
ticles cannot be accelerated along the direction of 
motion. The wavefront can however be accelerated 
normal to the direction of motion. The wave can 
be subjected to Doppler shift along the direction of 
motion. 



1. Gravitational redshift in periodic relativity 

In PR the light is a wave and does not have any 
inertial mass, only the relativistic mass which is equiva- 
lent to its kinetic energy. The light undulations propa- 
gate through the medium of unmanifcst energy which has 
all the properties of empty space and much more. This 
medium is neither material nor non-material but is a mo- 
tionless formless directionless single whole and therefore 
does not have constituent parts that behave incrtially 
or have a definite rest frame. The apparent constituent 
parts of the unmanifest are all manifest forms of mate- 
rial energy in motion that do behave inertially and have 
definite rest frames. Thus apparently the one becomes 
many and with multiplicity comes relativity. 

We can apply Eqs. (|4.2p and (|3.8p to a photon trvel- 
ling in a straight line from the sun to the earth along a 
path connecting their centers. In this case we have a = 
and Ip = 0, thus 



h dv 

ma -\ — 

c dt 



iim 

(— f ) = —c (cos Ip + sin Ip) f , 

7'^ 



(4.4) 



^m ti dv h dv dr dv 



c dt c dr dt 



dr 



ji hc^ dv 
j,2 ^j. ' 



^dr = — (?dv = c?—dv. 
r^ E 



V 



Integration over the entire trajectory gives 

—dv. 



I^dr = c2 / -dv, (4.5) 
r"^ ./„ V 



where A is the solar radius. I the distance travelled by 
photon, Vs the frequency of light on the surface of the 
sun and v^c the frequency of light on earth. This gives 



I 



c2 (A2 +AI) c2 



(4.6) 



Vs 



(4.7) 



The first order term is exactly the same value predicted 
by general relatvity in terms of gravitational potentials 
ipi and at locations separated by distance I, and ver- 
ified experimentally [ll|, [l^, with a high level of 
accuracy. The second order term for general relativity is 
slightly different. 



1 . 1 2 3 2^ 



(4.8) 



and below the accuracy [l|, [Tl|, [l^, [3l|, [12] in the measure- 
ment of gravitational redshift. For I > lOOA, Eq. (|4.6p 
approaches 

dv n , , 

= -TIT- 4.9 

Vs c^A ^ ^ 
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FIG. 1: (Color online) Two-body system 



For / < O.OIA, Eq. (|4.6p approaches the formula for the 
Dopplcr effect , given by 



6v 



111 

C2A2 



g± 

n-2 



c 



(4.10) 



It should be noted here that if Eqs. and (fLT)) had 

nothing to do with Eq. (jl.ip . then it would be impossible 
to derive the gravitational redshift Eq. (|4.6p . It is mainly 
due to the periodic representation of Eq. (|1.2p that the 
frequency term appears in Eqs. (|2.ip . p.ip . (|3.8p . and 
(|4.4[) . This makes it possible to derive Eq. (|4.6p without 
mentioning linear time or linear distance and without uti- 
lizing Riemannian geometry and geodesic trajectories. 

The special theory of relativity assumes global coor- 
dinate systems and global invariance of speed of light 
as well as the equivalence of mass and energy. Einstein 
had to abandon the global coordinates and global invari- 
ance of speed of light while formulating general relativity 
because they were in conflict with the principle of equiv- 
alence of inertial mass and gravitational mass. However, 
he permitted the existence of a local system of inertial 
coordinates in a small region around any event. In PR 
we have gone one step further and restricted the local 
system of inertial coordinates to have only instantaneous 
existence. This makes the proper time a continuously 
variable phenomenon, which could now be identified with 
the continuously variable period of the body associated 
with the inertial coordinate. This has significant effect 
if the body is a fundamental particle such as a photon. 
When such instantaneous coordinate system is fixed on 
a massive body such as a planet, it acts exactly like the 
coordinate system of general relativity because the pe- 
riod of the associated wave of the planet does not change 
significantly from instance to instance and such is also 
the case with its proper time which remains practically 
constant. Similarly any fundamental particle travelling 
along a constant radial distance from a central massive 



body shall also have constant period and constant proper 
time. This is consistent with the general relativity def- 
initions of tangential and radial velocities of light in a 
gravitational field [l| given in geometrical units (cq = 1) 
by, 



(4.11) 



In general relativity, the rate of proper time at a fixed 
radial position in a gravitational field relative to the co- 
ordinate time can be obtained from general form of the 
metrical spacetime line element for a spherically symmet- 
rical static field in polar coordinate and is given by 



dt 



Vgttir). 



(4.12) 



From Schwarzschild metric we have gtt(r) = l + 2ip. Now 
in general relativity, there is no explicit derivation of for- 
mula for gravitational redshift, but it is implicitly de- 
duced from Eq. (|4.12p and given by 



_ yi + 2ipi 



(4.13) 



The only support this formula has is the experimental 
verification of the first order term. Hence we would not 
be violating any scientific law if we propose that the cor- 
rect implication of Eq. (|4.12p is 



1^2 _ eV^+^ 



(4.14) 



Eq. (|4.14p also yields the same first order term, besides it 
can also be explicitly derived and is exactly the same for- 
mula (in geometrical units) given by Eq. (|4.6p . Therefore 
it is to be noted here that Eqs. (|1.2p and (|1.7p has this 
unique property that they remain null even in a gravi- 
tational field. This is not the case with Eq. (|l.ip . This 
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would imply that in PR, for light waves in all incrtial 
frames, we get. 



is below the accu racy in the measurement of deflection 
of light [3, [m, [H, HI [13 , and is given by 



dT{r) 
dt 



1. 



(4.15) 



157r 



c2A 



(4.21) 



2. Bending of light in periodic relativity 



We can apply equation Eq. (|4.4p to the bending of 
light problem [Tl|, ■ this case we have dv/dt = 

(because the ray is equally blue shifted and then red 
shifted) and frequency shift is at the limb of the sun. 
As shown in Fig. [21 ijj will vary from tt/ 2 to as the star 
light photon approaches earth from the limb of the sun. 
From Eqs. ([SH) and (g^) we get 



h dv 
c dt 



ma(— f ) = m 



d<2 



-^^cicostp + sm tp) r. 



(4.16) 



(4.17) 



— (cost/'- 



- sin'ip) f , 



where ds/dt = c, d'^s/dt^ — and k = d(j)/ds =curvature 
of the trajectory. Hence ma(— f) = mc^ {d(p / ds)N . 
Therefore, 



2 ao) nm . , . , , 
z — ~ (cos ^J + sm %j) . 
ds 



(4.18) 



As shown in Fig.[2l for half of the trajectory, as ip changes 
from 7r/2 to 0, and s changes from to oo, angle (j) will 
change from to some value and this value of can be 
determined by integrating over half of the trajectory as 
follows. It is to be noted that both components of radial 
acceleration contributes to the curvature of trajectory 
but only cosine component contributes to the tangential 
velocity vector. This is true because when d'^s/dt^ = 
for light, one would expect the cosine component to be 
zero but this is not the case. 



4> /-o 



1 

— (cos + sin ifi) dipds. 



(4.19) 



Substituting r"^ 



and taking limits we get. 



2^/{c?/S), and for the entire trajectory we get the same 
result for the lowest order term as predicted by general 
relativity, which is verified with a great deal of accuracy 



20: 



c2A' 



(4.20) 



As can be seen, the higher order terms does not exist in 
PR theory. The second order term in general relativity 



Experimental verification of the second order effect 
given by Eq. (|4.21[) is the principal goal of LATOR mis- 
sion [23[ planned for the year 2009. If this theory is cor- 
rect, the experiment will yield null result. If the funda- 
mental postulates of a theory, physical or mathematical, 
are built upon approximations, then there is a chance 
of appearance of pseudo terms resembling higher order 
terms in the end results. We have a reason to believe that 
the orbital energy equation in PR is exact in nature, and 
that is not the case with general relativity. In general rel- 
ativity, Newtonian potential gets introduced into metric 
component 500 as a deviation to flat Minkowski metric. 
This constitutes the weak-field approximation. For this 
very reason Schwarszchild metirc does not remain null 
for light in the gravitational field as we have already dis- 
cussed. Other competing theories modify Newtonian po- 
tential by way of Poisson's equation and multipole expan- 
sion. Another significant approximation in Schwarzschild 
solution is the assumption that the angle of deflection is 
subtended at the center of the sun. In PR, eventhough 
the schematic diagram shows the same arrangement, the 
calculations give us actual angle measured between the 
line 6* = and the line normal to the velocity vector at 
the end of the trajectory. These factors add up to give 
different second order terms in these two theories. It is 
interesting to note that the higher order terms are in 
higher powers of Newtonian potential. It should also be 
noted that we have utilized Eq. (II. 2p for the slow moving 
accelerating particle for determining the bending of light. 



3. Black hole in periodic relativity 

If we introduce circular trajectory parameters 
dv/dt — 0, ip ~ n/2 and r = ri ^ constant in Eq. (|4.18p . 
and integrate over single orbit, we get. 



d0 : 



■ds, 



c^r'f 



2iTri 



ds. 



(4.22) 



(4.23) 



This gives limiting radius of the event horizon which is 
half the value of Schwarzschild radius [l|. 



ri = — . 

& 



(4.24) 



This is a major difference between the PR and the general 
relativity which can be subjected to experimental verifi- 
cation. The black hole appears explicitly in PR and there 
is no ambiguous singularity to explain. The weak-field 
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\^2(t)- 



FIG. 2: (Color online) Bending of light around sun. 



approximation in general relativity describes the gravi- 
tational field very far from the source of gravity. Near 
the limiting radius of a black hole, the gravitational field 
could no longer be considered weak. Therefore deriva- 
tion of Schwarzschild radius does not have a very sound 
basis. The appearance of singularity could simply mean 
that the equations break down at this radius. In PR the 
gravitational potential is not introduced as a small devi- 
ation in the formalism. So when its value go very high 
near the event horizon, it does not affect our formalism. 

Efforts to image the event horizon of a super-massive 
black hole such as the one in our own galaxy, Sgr A*, 
are already underway [H, [H, [13, [H, lH, [sg. Follow- 
ing two are among recent discoveries concerning black 
holes. Using ESA's XMM-Newton satellite. Dr. Jane 
Turner's team clocked three separate clumps of hot iron 
gas whipping around the black hole at 20,000 miles per 
second [53|. This supermassive black hole is in a galaxy 
named Markarian 766 more than 170 million light years 
away. Another discovery involves a stellar-size black hole 
in our own galaxy. Using NASA's Rossi- X-ray Timming 
Explorer, Dr. Jon Miller's team detected streams of gas 
that appears to be surfing on a wave of space as the gas 
falls toward the black hole called GRS 1915-1-105 which is 
located about 40,000 hght years away in the constellation 
Aquila, the Eagle Q . 



B. Massive particles in gravitational field 



vF = V 



From Eqs. (jiTf)) and ((3^ we get, 




(4.26) 



«(-f) 



-nrT + K — N 

dt^ \dt) 



rfv 
lit. 



dt^ 



(cos-0 + sin-0) 
(4.25) 



So any conversion of acceleration between radial and tan- 
gential directions is accompanied by the conversion factor 
(cos ijj + sin ip) . This factor acts as a single scalar quan- 
tity and does not get split into normal and tangential 
vector components. It also needs to be understood that 
d^r/dt^ is a radial vector but dr/dt is not a radial vector 
which acts along the velocity vector v. Therefore factor 
(costp + sinip) does not play any role in this expression 
of velocity v = dr/dt which remains unaltered. 



1. Perihelic precession and proper time of planets 

We assume that the general relativity theory as appli- 
cable to solar system planets is valid in weak-field approx- 
imation. We also declare however, that the theory fails 
to predict accurate higher order terms for gravitational 
red-shift and deflection of light, because in introducing 
the weak-field approximation, it compromises the global 
invariance of speed of light in gravitational field. The 
weak-field approximation also leads to the value of lim- 
iting radius of the event horizon of a black hole which 
is twice the correct value. The weak field approximation 
does not account for second order velocity term in the 
kinetic energy. However, while Schwarzschild solution is 
sufficiently accurate in predicting the perihelic precession 
[H, [l^, [l^, [l^ of the planets of the solar system, it may 
not be dependable for describing the photon trajectories 
in strong gravitational fields. Not only so, even trajec- 
tories of massive bodies in a strong gravitational field or 
extremely weak-gravitational field compared to Sun can 
^also deviate significantly from the Schwarzschild solution. 
We can blend the general relativity theory [l3, EBl with 
the PR theory in following manner. 
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From Eq. (|3.2p . the kinetic energy of a planet can be 
given by 

{E - moc^) = moc^ [l + -f'^iv'^/c^)] ^'^ ~ m^c^ . (4.27) 
Differentiating w.r.t. time we get, 

dv ( 3^2 



(4.28) 



Using vector notation we can equate Eqs. (|4.2p and (|4.28p 
as follows. 



dv ( , 3w2 



toqv^ ( 1 + ^ ) = - ^-^r V (cos ^ + sin ip) f . (4.29) 



Since the transverse component of the gravitational ac- 
celeration is absent in the polar coordinate system of the 
central potential, we can write 



d^r 



From Eq. (|4.25p we have the relation 

dv d^r , , . 

_ = _(cos^. + sm^). 

Substitution of to = 7TOo in Eq. (j4.29p gives, 



(4.30) 



(4.31) 



(4.32) 



Substitution of following gives a second order non- 
homogeneous, non-linear differential equation. 



— , and — — 
r dr 



^-do- 



d u n , , V 



dru /i X P" 



(4.38) 



(4.39) 



(4.40) 



Therefore the condition for PR to conform with the gen- 
eral relativity prediction is, 



3uu^ , M 

n . 2 , = (" - 1)7:2— ■ 



(4.41) 



Here we have introduced the term sin^ il) which does 
not occur in Schwarzschild solution but is necessary for 
n to satisfy Einstein's field equations. Wc will show 
that sin^ -i/! docs not contribute anything to the pcrihclic 
precession but further simplifies Schwarzschild solution. 
This gives 



1 



3/i2 



?j^r^sin 



(4.42) 



The vector constant called angular momentum per unit 
mass h is defined as 



TO 



p X r _ |p||r| sini/). 



TO 



TO 



(4.43) 



Here we introduce deviation to the flat Minkowski metric 
due to the gravitational field in the form. 



dr (dr^ dB ^ ^dB^~ 

h = rx — = rx — r + r—Q = r-^—h. (4.44) 
dt \dt dt dt ^ ' 



§] =7'" = (l-/5')-", (4.33) 



dr = dt 1 



2c2 ; ' 



(4.34) 



Therefore the scalar quantity = v^r^ sin^ V' and the 
deviation factor n = 4 = constant. The angle between 
the radial vector and the velocity vector ip is defined as 



-1 ^ 
tan - 
r 



vhere 



dr 
dO' 



(4.45) 



to the first order accuracy for small values of v and n, 
where t is the coordinate time, r the proper time of the 
orbiting body and n is a real number. The corresponding 
line element in polar coordinates is, 

ds^ = c^dt^ - ndr^ - nr^de^ - n{r^ sin^ e)d(j)^ . (4.35) 

Therefore, 



3in V' = {f/r)/ \/ {r/fY + 1- 



sin^ ij} — {r/r)/ \J {r/rY + 1- 



sin ijj 



1 



1 f du 



(4.46) 



(4.47) 



(4.48) 



m2 \de ^ 

Substitution of Eqs. (|OT|) and in Eq. gives 



'd^ 
d72 



r = - 



l + (n-l)- 



(4.37) 



d^u 



dO^ ^ " /j2 



/i i^v? 3^ f du 



:2 \de 



(4.49) 
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The last term in Eq. (|4.49p contributes two more terms 
to the Schwarzschild solution for u. These are 



cos 26*. 



(4.50) 



The last term in Eq. ()4.50p cancells out same term with 
negative sign in Schwarzschild solution. Therefore the 
final solution of Eq. (|4.49[) is of the form 



u= -^[l + k{l + e^) + ecos{e - ke)], 



(4.51) 



where k = 3(fi/ch)^. Another approach to solving the 
second order differential equation (|4.49p is to directly 
simplify r.h.s. to the form 



+ = tt(1 + + e^) + 2fcecos6l), (4.52) 



Again the solution of Eq. (|4.52p is same as Eq. (|4.5ip . 
Eq. (|4.52p can also be solved in another way by writing 



+ (l-2fc)u=^[l-fc(l-e2)] 



(1 - 2fc) d0^ 



M [l-k{l-e^)] 
(1 - 2k) ' 



(4.53) 



(4.54) 



(4.55) 



Eq. (|4.55p is a simple harmonic oscillator of the form 
Ail + u = B where A and B are constants. The general 
solution of this equation is 



(4.56) 



= B[l + Ccos(6i/VA)], 



where C is a constant of integration. For a very small 
value of k we can have 1/^/A = ^/l — 2k « (1 — k). 



-^[l-k{l- e^)](l + 2k)\l + Ccos(e - k9)]. 



Ignoring terms of order fc^ we can write 

u = ^[1 + fc(l + e^m +Ccos(e - kO)]. 



(4.57) 



(4.58) 



If factor k was equal to zero, Eq. (|4.58p could represent 
an ellipse and constant C would signify the eccentricity 
e and the constant ^/h^ would represent the semilatus 
rectum. However, k is slightly greater than zero causing 
6 to go beyond 2tt to complete one orbital cycle, conse- 
quently the axis of the ellipse precesses slightly. Value 
k9 is exactly same as that of the Schwarzschild solution. 
This solution (|4.58p can be same as Eq. (|4.5ip if we select 



C = e/[l + fc(l + i 



(4.59) 



2. Proper time of a planet 



We substitute Eq. (|4.42p for constant n in Eq. (|4.34p 
for proper time and for second order velocity term on 
the right we will introduce classical vis- viva equation for 
planetary velocity 



(4.60) 



^ 

r a 



dr^dtll-'j^n-l 
\r a 



Substituting r = / + ecos6') to obtain 



dr = fit 1 - 



2/i(l + 2ecos6'-f e^) 
c^a{\ — e^) 

For circular orbits r = a and e = 0. This gives 



dr = dt[l 



2n 



(4.61) 



(4.62) 



(4.63) 



GR does not have a convenient way of expressing proper 
time equation such as Eq. (|4.62p but it does provide ex- 
pression for proper time in equatorial Keplerian circular 
orbits which is comparable to Eq. (|4.63p . This GR ex- 
pression is given by 



dT = dtil- 



3fi 
2c^R 



(4.64) 



In order to highlight the differences between two theories 
we will compare the results of Eqs. (|4.62p and (|4.64p 
with respect to planet mercury. At perihelion the results 
are 



and for GR 



dr ^dt{l- 7.74 X 10"®) , (4.65) 
dr = (l - 4.815 X 10"®) (4.66) 



This difference per second if measured over a period of 
1 hour with measurement split equally on both sides of 
the semi-major axis comes to approximately 105.3 fisec. 
At aphelion the values are 



and for GR 



dr = dt (1 - 3.3602 x 10"*) , (4.67) 
dr = dt(l- 3.1725 X 10~^) (4.68) 



The difference over a period of 1 hour is only 6.757 fisec. 

For a stationary observer with a clock Eq. (|4.35p re- 
duces to dr = dt which would imply that the proper 
time of his clock would equal coordinate time for him 
regardless of his location. As mentioned earlier, proper 
time interval of the planet is not a part of the present 
day ephemerides [H, [g^, [fil, [11] . As long as the proper 
time interval is not included as one of the observables in 
ephemerides, there is no way to compare the GR predic- 
tions with PR. 
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If we try to introduce photon parameter v = c, wc 
find that Eq. (|4.36p can be satisfied only if we put n = 0. 
This yields for light dr = dt in agreement with the pre- 
vious result Eq. (|4.15p . While Eq. (|4.42p gives us same 
perihelic precession values for the planets of the solar 
system as given by general relativity, in case of light tra- 
jectories, we can conviniently deviate from general rela- 
tivity by substituting n = 0. This would also eliminate 
the implied singularity of Lorentz transformation as v ap- 
proaches c. Similarly n can be associated with many dif- 
ferent functions related to other strong field or extremely 
weak field systems. General relativity would allow only 
one universal value for n given by Eq. (|4.42p . but in PR 
we can treat n as a system parameter or as an orbital 
parameter dependent on the gravitational field strength, 
the orbital velocity and the natural frequency (and hence 
the composition) of the orbiting body. 

Few comments regarding the concept of strong and 
weak gravitational fields. Whether the g- field is strong 
or weak should be decided by the combined effect of the 
g-fields of both the bodies, the distance between them 
and the relative orbiting velocity between them. Super- 
script n introduced in Eq. (|4.33|) provides the measure of 
the strength of the g-field defined in this manner. 

When we talk about gravitational force depending on 
the composition and natural frequency of the body we 
may feel inclined to think that it would violate the WEP 
of Newton and Einstein. If we look at the proposal from 
the point of view of the dynamic WEP which states that 
the gravitational mass is equal to the relativistic mass, we 
find that there is no violation because the gravitational 
frequency shift of massive body would cause its relativis- 
tic mass to alter and not its rest mass. This alteration 
of the relativistic mass is reflected in its motion, i.e. its 
velocity. If one is determined to test the static WEP with 
respect to the gravitational frequency shift proposal, one 
should have two very massive objects of different compo- 
sition but exactly the same inertial (rest) mass subjected 
to a very large gravitational gradient over a distance of 
few AU or few kpc and then there is a chance that one 
would discover both objects experiencing different grav- 
itational force. 



3. Two more solutions to Einstein's field equations 

Now we are in a position to write Eq. (j4.35p in a 
metric form as follows. 

ds^ ^ g^^dz'^dx". (4.69) 



by an orbital variable parameter ^ and adjust its value 
to match the observed value of the perihelic precession 
for individual planets. As a matter of fact all future 
strong field variations in general relativity could be 
explained by adjusting this parameter ^ or replacing the 
entire function n if need be. This kind of adjustment 
is not possible in general relativity and other metric 
theories because that will affect the predicted values of 
deflection of light, gravitational redshift and the limiting 
radius of event horizon. This factor ^ may have an 
internal structure dependent on the natural frequency 
and composition of the orbiting body. If we alter this 
factor ^ in Eq. (|4.42p with any suitable constant then n 
will always remain a constant and as shown below it will 
always satisfy Einstein's field equations. 

The theory developed here is a stand alone theory 
and need not satisfy Einstein's field equations i?^^ ~ 0, 
but it will be interesting to see whether or not Eqs. (|4.35p 
and ()4.42p satisfy Einstein's field equations. For this 
purpose it will be necessary to calculate Christoffel 
symbols PJ^^^. At the same time the proper time interval 
should be experimentally verified because all deviations 
and variations get accumulated in the expression for 
proper time and any error in the theory would show up 
there as well. 



The metric (|4.70p is diagonal, so the non-zero compo- 
nents of the contravariant metric tensor are g"^" = l/g^a- 
Hence the diagonality of the metric allows us to simplify 
the definition of the Christoffel symbols to 



'"^ 2^ ^ dx'' dxt" dx" J ' 



where the suffixes assume four values 0, 1, 2, 3 and no 
summations are implied. We consider the case of static 
spherically symmetric field produced by a spherically 
symmetric body at rest. Line element given by Eq. (|4.35p 
is compatible with spherical symmetry. Coordinate x'^ is 
taken to be time t, and the spatial coordinates may be 
taken to be spherical polar coordinates x^ = r, x"^ = 9, 
x^ = 0. We can determine the values of 5^1/ from metric 
6IQ1), 



c2 

-n 











/ 9 • 2 
-n\r sm 



(4.70) 



.900 



gii = -71, 322 = -nr 



.933 



2 • 2 

-Tir sm ( 



1/5/^1/ and g^^i, = 0, 5^'' = for fi ^ ly. 



(4.72) 



It is to be noted that 9 in Eq. (|4.38p corresponds to cj) 
in Eq. (|4.35p . We can replace constant 3 in Eq. (|4.42p 



Inserting these values into Eq. (|4.7ip we find that the 
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only non- vanishing Christoffcl symbols are 



" 2n dr 

^ dn 



^ 33 



^ 33 



p2 _ p2 

12 ~ 21 



1 



^ 13 ~ ^ 31 ^ 

r dn\ 3 



sm t/ cos t/ 

1 1 9n 



2n 9r 



r^2 = cot( 



1 1 dn 
r 2n dr 



The expression for the Ricci tensor is 



(4.73) 



(4.74) 



Einstein's law of gravitation requires the Ricci tensor to 
vanish in empty space. We can now write the components 
of the Ricci tensor, each of which must vanish in order for 
the field equations to be satisfied. From symmetry argu- 
ments we can expect all the non-diagonal components to 
be zero. Hence the only components of interest in case 
of our line element are the diagonal elements 



dr 



(4.75) 



Substituting of Eq. (|4.83p in Eq. (|4.81D and equating it to 
zero gives the condition for vanishing of the Ricci tensor 
Eq. (j474)l . 



r dn 
n dr 



r dn 
n dr 



0. 



This quadratic equation has two solutions. 



n dr 



and 



r dn 
n dr 



(4.84) 



(4.85) 



This shows that any constant value of n will satisfy the 
first solution. Therefore Einstein's field equations are ex- 
actly satisfied for n = 0. This means that our derivation 
of gravitational redshift, deflection of light and the lim- 
iting radius of event horizone of a black hole are exact 
solutions of Einstein's field equations. These solutions 
however are at variance with the Schwarzschild solution. 
The equations are also satisfied for n = 4 in case of plan- 
etary orbits and perihelic precession. One thing has to be 
noted however, that if we introduce parameters of Keple- 
rian ellipse in Eqs. (|4.42p and then calculate the value of 
n, we will find that the value will vary along the trajec- 
tory between 4 and 4 — 3e^. This is because the geodesic 
trajectories are not perfectly elliptical. 



^11 -^11 [rJi - T% - - ^13] 



(r?2^^ 



^22 —^22 [^12 - r?o ^ - r 



dr 



|:[r;o + r}i + r?, + r?3] 



r- (r?3) 



9^2 

dr 



(4.76) 



(4.77) 



5. GRAVITATIONAL RADIATION IN A 
BINARY SYSTEM 

The results obtained in this paper leads us to con- 
clude that the equations of orbital motion discussed here 
are exact in nature and can give us exact orbital energy 
equation for analyzing orbital period derivative and two 
polarization gravitational wave forms of binary systems. 
I have discussed this subject in [23| where the dynamic 
WEP is utilized for deriving the orbital period derivative. 



R. 



33 



dr^ 

_pi rp3 _ pO pi _ r2 ] 33 
33 13 ^10 ^11 ^ 12J 

+ r^3[rL]-^- 



Substitution of Eq. (|i?75)) in Eq. gives 
Rqo = 0, 



1 dn 




' dn\ 


nr dr 


n2 ( 


.*) 


3r dn 






2n dr 


4n2 


\ dr 



Rii - 

-R22 = 

-R33 = -R22 sin^ 9. 
The vanishing of Eq. (|4.80p leads to 



1 d^n 
n dr^ ' 



2n dr'^ ' 



d'^n 



dn 
dr 



1 dn 
r dr 



(4.78) 

(4.79) 
(4.80) 

(4.81) 
(4.82) 

(4.83) 



6. THE PIONEER ANOMALY 

A very precise solution to Pioneer anomaly outside the 
frame work of general relativity is discussed in [iOl ■ This 
solution can be supported by another approximate solu- 
tion that conforms with Einstein's field equations. We 
replace factor 3 in Eq. (|4.4ip by a constant ^ = 150000 
for Pioneer 10 spacecraft. This will give us the value of 
n — 150001. This constant value of n will satisfy Ein- 
stein's field equations as per the condition Eq. (I4.85|l . 
With this change we multiply Eq. (|4.40p by —h^v?. This 
gives 



At. 150000 fih\ 
— f — r. 



c r sin tp 



(6.1) 



Now it is possible to identify the last term with the 



anomalous acceleration Op = 
the Pioneer 10 spacecraft [TO 



8.74 ±1.33) X 10-i°m/s of 
I71II. In order to maintain 
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accuracy we will avoid introducing hyperbolic parameters 
of Pioneer trajectory directly. Instead we will multiply 
and divide the last term of Eq. (|6.ip by . This gives 



(6.2) 



150000/iw2 



On 1st January 1987, the Pioneer 10 spacecraft was ap- 
proximately 40AU from the Sun, and receding with a 
nearly constant velocity of 12800 m/s [t^. So we get 
Gp = 1.0135 X 10"^ m/s @ 40AU and Op = 3.28 x 10-^° 
m/s @ 67AU for v = 12200m/s. For Pioneer 11 space- 
craft the applicable constant is ^ = 80000. In November 
1995, the Pioneer 11 spacecraft was approximately 40AU 
from the Sun receding with a nearly constant velocity of 
11600 m/s. So we get = 4.43 x 10"!° m/s @ 40AU and 
Op = 1.11 X 10~^ m/s @ 27AU assuming v = 12400 m/s. 
Hence we conclude that Einstein's field equations do pro- 
vide explanation for Pioneer anomaly but only if the weak 
field approximation and the Schwarzschild solution are 
replaced by the present theory. Secondly, requirement 
that ^ has to be a constant introduces unacceptable vari- 
ation over distances. For this reason it is proposed to 
have variable n as discussed in (g^l- The second condi- 
tion in Eq. (|4.85p allows for variable n but it also gives 
unacceptable variation over the distances. If we integrate 
second condition in Eq. (|4.85p we get 



dn 
n 

In n — In C 
in- I). 



dr 
r 

-41nr. 



So Eq. 



C_ 



gets replaced by 



1 



(6.3) 



(6.4) 



(6.5) 



(6.6) 



Here C is a constant of integration. No matter how 
we define this constant, Eq. (|6.6|) yields large variations 
for Up over distances. For example, for an initial condi- 
tion of flp = 8.74 X 10~^° m/s^ at 40AU with constant 
V = 12800 m/s we get C = 1.65858377908 x 10'^^ Us- 
ing this constant for 67Au and v = 12200 m/s we get 
flp = 3.595 X 10~^^m/s^. This shows that Einstein's field 
equations in association with the line element Eq. (|4.35|) 
does provide some clue to the Pioneer anomaly but the 
solutions involve unacceptable variation over distances. 
The solution to Pioneer anomaly discussed in gives 
Op within the limits of observational accuracy. 



7. THE ROTATION CURVE OF A SPIRAL 
GALAXY 

Proper times associated with Milky Way's rotation 
curve have been computed outside the framework of gen- 
eral relativity and discussed in |7^. It is proposed that 



the flat Minkowski metric can deviate in different ways 
for different two body systems. This effect is more pro- 
nounced on galactic scale due to large variations in grav- 
itational potential caused by non-uniform distribution of 
galactic matter. When the proper times of stars which 
are functions of the deviation factors, and the virial mass 
of the galaxy arc introduced in modified Newtonian dy- 
namics, they yield precise values of circular velocities for 
the stars of the Milky Way. The expression for proper 
time when introduced in Kepler's third law gives us a 
modified law that satisfies both the solar system dynam- 
ics as well as the galactic rotation curves. 



8. CONCLUSION 

Scientists are gradually begining to recognise that 
there are subtle forms of energy such as gravitational 
waves which are extremely difficult to detect even with 
highly sophisticated versions of Michclson-Morley type 
new generation of laser interferometer gravitational wave 
detectors. These are, Japanese TAMA [62|, American 
LIGO [el, and European GEO and VIRGO [H. These 
are higher frequency ground based detectors. The low 
frequency radiation is covered by the space based Laser 
Interferometer Space Antenna or LISA [gHl which is ex- 
pected to cover inspirals into massive black holes with 
primary mass < IO^Mq. Similar difficulty is also experi- 
enced in detecting neutrinos and dark energy. Michelson 
Morley set out to detect ether with an assumption that 
if ether existed it would interact with the light waves in 
their interferometer. No one ever considered a possibil- 
ity that ether could be a fundamental form of energy and 
the only form that is completely free from any vibration, 
which means no motion. How can such a form of energy 
which can only be described as formless, interact with 
the gross form of energy such as light waves. To detect 
subtle forms of energies, the detector should also be made 
up of equally or more subtle form of matter. Hence de- 
tection of unmanifest energy with the help of manifest 
forms of energies is to be ruled out. At the same time 
many aspects of the theory given here are fully testable 
and that also without any additional effort. It is rec- 
ognized that the second order term for the gravitational 
redshift may not be within the experimental accuracy 
limit in foreseeable future, but to verify the second or- 
der term for bending of light we only need the results 
of LATOR experiment. Similarly experiments for mea- 
suring the limiting radius of event horizon are already 
underway. Verification of these three predictions of the 
present theory will leave no doubt concerning the peri- 
odic nature of time. This verification would put to rest 
the notion of empty space and establish the idea that the 
universe began with a vibration in the unmanifest state 
of primal energy long before the big bang. Finally, in or- 
der to compare the present theory with the Schwarzschild 
solution with respect to the orbital motion of planets and 
other bodies, it is essential to intorducc the proper time 
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interval of the orbiting body as one of the orbital pa- 
rameter. This means an additional orbital parameter as 
a part of ephemerides. The present theory is developed 
in the classical tradition of Newtonian mechanics but it 
also satisfies Einstein's field equations so what we have 
here is an alternative to Schwarzschild solution. The the- 
ory shows that Einstein's field equations do provide some 
clue to the Pioneer anomaly but the solution is not very 
accurate. Hence the need to go beyond general relativity 
as discussed in Similarly PR yields very accurate 



solutions for the rotation curves of spiral galaxies [73 
outside the framework of general relativity. 
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